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Abstract 
Meltability is one of the most important properties of mozzarella cheese as it is generally used melted, and neither too 
high nor too low meltability can be accepted by consumers. However, there is no widely accepted objective method 
to evaluate cheese meltability. The most commonly used method, the Schreiber test, cannot be used as a standard 
evaluation method because of its varying test conditions. Another method based on the temperature sweep of Small 
Amplitude Oscillatory Shear analysis (SAOS) is rarely used for meltability evaluation. The aim of this study is 
therefore to study the Schreiber test and to develop the method of SAOS to evaluate cheese meltability. Based on 
SAOS, an Arrhenius plot is obtained from a temperature sweep and the activation energy (Ea) is calculated from the 
Arrhenius plot within the temperature range of 30°C to 45°C. This study compares these two methods on eleven 
mozzarella cheese samples with different stretching conditions, pH, fat or calcium content. It is found that the 
meltability of mozzarella cheese produced with different stretching conditions has no significant difference; high fat 
and low fat samples have the highest and lowest meltability respectively; and samples with low draining pH have 
similar meltability with the ones with low calcium content, and vice versa. 
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1. Introduction 
Cheese texture properties have been researched on the cheese either melted or unmelted. Mozzarella 
cheese, however, is mainly used heated or baked, thus its melted properties are essential. The meltability 
of cheese is defined as the ease and extent of cheese to melt and spread upon heating [1]. Many studies 
have highlighted that the ingredients and cooking conditions greatly influence cheese properties [2-5]. It 
was found that the melting area is determined by fat and moisture content and cheese pH [6]. Calcium 
content, nitrogen fractions and pH were considered as important parameters for meltability [7] [8]. High 
fat cheese produces significantly higher meltability than low fat cheese [9]. Meanwhile, different 
stretching speed or temperature also affects the melted properties of Mozzarella cheese [10].  
Even though many studies have been done on the behaviour of melted cheese, there is no widely 
accepted objective method, which is not affected by test conditions; the behaviour of melted cheese has 
not been technologically explained [1]. The most popular test to evaluate cheese meltability is known as 
the Schreiber test, which heats a cheese cylinder placed on a Petri dish, and then the maximum diameter 
is measured, showing the extent of cheese that melts [11]. However, there are drawbacks of this method, 
including the scorched cheese edge caused by excessive heat, besides, the measurement of maximum 
diameter is misleading if the melted cheese does not spread evenly into a circular pattern [1]. To 
overcome this problem, a borescope is used to record the shape change of cheese cylinder continuously 
before the occurrence of scorched edge and the cheese spreading area is measured by computer software 
instead of the measurement of maximum diameter [12]. Meanwhile, to avoid the error caused by the 
difference of thickness between samples, the ratio between melting area and weight of cheese is used 
instead of melting area commonly used to describe meltability. 
Besides the Schreiber test, Small Amplitude Oscillatory Shear analysis (SAOS) can be employed for 
meltability evaluation to determine the transition point (the moment when material begins to transform 
from elastic solid to viscous liquid). By temperature sweep of SAOS, elastic modulus (G': energy stored 
in material) and viscous modulus (GƎ: energy dissipated as heat) at different temperatures are obtained, 
and the cross-over point (Gƍ= GƎ) is the melting transition temperature, which reflects the ease of cheese 
to melt, as part of the definition of meltability [13]. Activation energy of flow (Ea) between 30°C and 
44°C was proved to provide an objective means of quantifying the flow of melted cheese, which can be 
obtained by doing temperature sweeps and calculating from Arrhenius plots on seven types of different 
cheeses [14], but it has never been used to compare among mozzarella samples with different production 
processes. The complex modulus G* is obtained by Gƍ and GƎ, and the complex viscosity Ș* which 
represents the resistance to flow is calculated as follows:  
,                                                                  (1) 
,                                                                         (2) 
(Ȧ is the angular frequency). The Arrhenius equation is as follows: 
,                                                                  (3) 
where A is the pre-exponential factor, R is the gas constant and T is the temperature, so activation energy: 
Ea can be obtained by measuring the slope of the curve of ln Ș* versus 1/T [14]. 
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Meltability tests including the Schreiber test and SAOS temperature sweep (with measurements of 
activation energy: Ea) were applied to these samples, and the meltability assessed by these two tests were 
compared. Specimens with different production processes were made at Fonterra Research Centre 
(Palmerston North, New Zealand) to allow a wide range to be investigated, including samples with 
different stretching conditions, draining pH, fat content and calcium content. 
2. Materials & Methods 
Eleven mozzarella samples were used; due to the proprietary nature of the manufacturing procedures, 
they are not available for publication. The chemistry and composition of samples are shown in Table 1. 
After one month’s ripening, samples were tested for their meltability. A test modified from the Schreiber 
test [15] was used, in which a cheese cylinder (around 2mm thick, 17mm diameter) was put in a glass 
Petri dish with filter paper, and then put in an oven at 200°C; the cheese melting process was recorded by 
high temperature borescope attached on the top of an oven. The area was measured by Image Pro plus 6.0 
(Media Cybernetics. Inc, Bethesda, MD, USA), and the ratio between melting area and the initial weight 
of cheese sample was calculated to evaluate cheese meltability. 
Table 1. Chemistry and composition of mozzarella cheese samples made by different production processes. NPN: non-protein 
nitrogen; NCN: non-casein nitrogen (2A: Control; 2B: Longer stretching time; 2D: Higher stretching speed; 2F: Higher stretching
temperature; 2H: Higher stretching speed and temperature; 3A: Low pH; 3D: High pH; 3F: High fat; 3H: Low fat; 4A: Low 
calcium; 4D: High calcium) 
A second method to calculate the meltability is as follows: cheese was sampled into 40mm diameter 
discs with a thickness around 3mm, and serrated parallel plate (40mm diameter) was used to prevent 
slippage (AG-2R, TA Instruments, New Castle, DE, USA). Temperature step sweeps from 10°C to 90°C 
were performed with a temperature step of 5°C and 3 minutes holding time at each measured temperature 
point. Measurements were performed at a constant strain of 0.05% and a constant frequency of 0.8Hz, 
which ensured the tests were in linear viscoelastic ranges. The elastic modulus (Gƍ) and viscous modulus 
(GƎ) versus temperature curves were plotted. Based on the Arrhenius plots of mozzarella samples, the 
values of activation energy (Ea) were calculated, within the temperature range of 30°C to 45°C, when the 
fat melted in cheese. 
All of the above tests were repeated three times on three samples from different positions of each 
cheese; analysis of variance (ANOVA) was used for data analysis. 
Chemistry 2A 2B 2D 2F 2H 3A 3C 3F 3H 4A 4D 
Fat (%) 21.1 20.1 21.1 21.1 21.5 19.5 20.0 27.3 11.4 21.5 20.8 
Moisture (%) 47.4 48.3 47.2 47.3 46.5 50.9 47.0 45.7 52.0 48.4 48.0 
Protein (%) 27.0 27.3 27.3 27.1 27.7 25.5 27.7 22.0 31.9 25.9 26.8 
Salt (%) 1.58 1.51 1.7 1.77 1.76 1.63 1.52 1.57 1.84 1.34 1.41 
Ca (mg/g) 6370 6490 6490 6260 6460 5980 7760 5340 8110 6140 7440 
pH 5.43 5.39 5.41 5.41 5.39 5.45 5.49 5.46 5.42 5.5 5.51 
NCN 1.20 1.20 1.25 1.20 1.17 1.07 0.947 1.17 1.20 1.15 1.22 
NPN 0.292 0.3 0.305 0.322 0.32 0.295 0.289 0.338 0.265 0.295 0.319 
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3. Results & Discussion 
3.1. Schreiber test 
Fig 1 and 2 illustrate cheese melting during Schreiber test, and the meltability ratio obtained from the 
photos. There is no significant difference between samples with different stretching conditions (2A-2H), 
but some between samples with different draining pH (3A&3C), calcium content (4C&4D) and especially 
fat content (3F&3H). However, the standard deviation was relatively big. In Fig 1, it is shown that 
bubbles were formed during melting, and after 5 minutes of heating, cheese sample started to scorch, both 
of which affected the result of Schreiber test and are greatly influenced by different experimental 
conditions. As a result, this method cannot be used as a standard method for meltability evaluation. 
Fig. 1. A mozzarella cylinder put in an oven, with 0min, 2min, 4min and 5min heating during Schreiber test 
Fig. 2. Meltability test result for all samples (2A: Control; 2B: Longer stretching time; 2D: Higher stretching speed; 2F: Higher 
stretching temperature; 2H: Higher stretching speed and temperature; 3A: Low pH; 3D: High pH; 3F: High fat; 3H: Low fat; 4A: 
Low calcium; 4D: High calcium) 
3.2. Small Amplitude Oscillatory Shear analysis (SAOS)  
Fig 3 shows the temperature sweep for the control mozzarella sample (2A). Gƍ and GƎ decrease as the 
temperature increases, and from 10°C to 60°C, Gƍ is higher than GƎ, which indicates that cheese is more 
elastic than viscous; when the temperature is higher than 60°C, the cheese acts more like viscous liquid. 
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The change from more elastic to more viscous indicates a phase transition from an unmelted cheese to a 
melted cheese. Gƍ decreases rapidly as the temperature increases from 10°C to 35°C, which is due to the 
liquefaction of the fat phase being fully completed at 35–40°C [16]. These results are in agreement with 
previous studies by similar methods on mozzarella [17], Cheddar [18], and Gaziantep cheeses [19], so 
that further evaluation can be made. 
3.3. Transition temperature 
From the temperature sweep curves of Gƍ and GƎ, the transition temperatures of different mozzarella 
samples were obtained and shown in Table 2. For mozzarella samples with different stretching conditions 
(2A–2H), the transition temperatures are close to each other. Lower draining pH sample (3A) has lower 
transition temperature than high draining pH sample (3C), which indicates that it is easier to melt; 
samples with different calcium content (4A&4D) have similar results with 3A and 3C respectively. The 
most significant difference is between samples with high fat (3F) and low fat (3H), where 3F has the 
lowest, whilst 3H has no transition temperature, which illustrates 3F is the easiest to melt, and 3H always 
acts more elastic than viscous in the sweep range from 10°C to 90°C. It is worth noting that the difference 
between the transition temperature of control sample (2A) and the lowest transition temperature of high 
fat sample (3F) is only around 3°C, which seems to have no difference for customers. However, there is a 
great difference between normal fat and high fat mozzarella when melted. As a result, transition 
temperature is not sufficient for cheese meltability evaluation. 
Fig. 3. SAOS temperature sweep, elastic modulus (Gƍ) and viscous modulus (GƎ) for control mozzarella sample 
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Table 2. Transition temperatures of mozzarella samples with different production processes; Data followed by different letters have
significant difference (p<0.05) 
Mozzarella sample Transition temperature (°C) 
2A (Control) 59.48±1.05 
2B (Longer stretching time) 59.25± 0.62 
2D (Higher stretching speed) 60.94± 2.31 
2F (Higher stretching temperature) 61.56± 0.30 
2H (Higher stretching speed & temperature) 61.79±0.85 
3A (Low draining pH) 58.85±0.84a 
3C (High draining pH) 60.10±1.15b 
3F (High fat) 57.17±1.05 
3H (Low fat) N/A 
4A (Low calcium) 58.43±2.31a 
4D (High calcium) 60.74±2.11b 
3.4. Activation energy (Ea)  
In Fig 4(a), the Arrhenius plots of samples with different fat content were obtained from temperature 
sweeps. The normal fat cheese (2A) shows an approximate linear plot over the whole temperature range, 
whilst the other two with high fat content (3F) and low fat content (3H) are only linear within 
temperatures higher than 45°C and lower than 50°C respectively. The nonlinear drop in the high fat 
sample (3F) from 10°C to 45°C is a result of the melting fat, with a content percentage of 27.3%,  higher 
than 2A (20%) and 3H (11.4%). It is interesting to see the recovery of low fat sample (3H) from 55°C to 
90°C due to its low fat content; it is speculated that during heating, the limited melted fat in low fat 
sample cannot keep as much moisture as normal fat samples, and the loss of moisture decreases the 
protein solubility, causing protein-protein aggregations [20]. There are similarities between low pH and 
low calcium, high pH and high calcium samples (p<0.05) (Fig 4(b)). This is due to the correlation 
between draining pH and dissolution of calcium during draining [21]. 
Higher activation energy reflects that more energy is needed to break down the cheese structure. Thus, 
activation energy describes the meltability of cheese. Table 3 shows that among mozzarella samples with 
different stretching conditions (2A–2H), there is no significant difference. However, there is an indication 
that cheese samples with longer stretching time (2B), higher stretching speed (2D) or higher stretching 
temperature have the trend of higher meltability. It is speculated that due to the longer or stronger 
stretching process causes the excessive moisture loss, and the protein structure becomes more intense, 
thus the fat trapped in the protein matrix needs more energy to melt. As predicted, the sample with high 
fat content (3F) has the highest activation energy, and vice versa for low fat cheese (3H). Samples with 
low pH (3A) and low calcium content (4A), high pH (3C) and high calcium content (4D) have similar 
meltability from both the Schreiber test and activation energy, as the decrease of draining pH results in 
the dissolution of colloidal calcium phosphate (CCP), thus more calcium in whey is removed during 
draining, so the pH and calcium always correlate with each other [21].  
542  Xixiu Ma et al. / Procedia Food Science 1 (2011) 536 – 544
                                                     (a)                                                                                              (b) 
Fig. 4. Transformation of complex viscosity for mozzarella samples with (a) three different fat contents (2A: Control, 3F: High fat, 
3H: Low fat) and (b) different pH (3A: Low pH, 3C: High pH) and calcium contents (4A: Low calcium, 4D: High calcium) to their 
corresponding Arrhenius plots 
Table 3. Activation energy (Ea), pre-exponential factor (ln A), and R2 from Arrhenius plots of mozzarella samples. Data followed by 
different letters have significant difference (p<0.05) 
Mozzarella samples 
Activation energy (Ea) 
(kJ mol-1) 
ln A 
(Pa s) 
R2 
2A (Control) 55.75±7.95 -13.3001 0.99271 
2B (Longer stretching time) 58.21±4.15 -14.4198 0.99015 
2D (Higher stretching speed) 57.03±4.87 -13.9263 0.98434 
2F (Higher stretching temperature) 57.01±3.57 -13.7374 0.99162 
2H (Higher stretching speed & temperature) 60.09±8.85 -14.8733 0.98961 
3A (Low draining pH) 60.46±4.04a -15.3072 0.9867 
3C (High draining pH) 51.27±4.79b -11.8293 0.97429 
3F (High fat) 105.32±16.40c -33.5477 0.97769 
3H (Low fat) 47.13±0.85d -10.0671 0.99903 
4A (Low calcium) 64.15±4.45a -16.8629 0.98568 
4D (High calcium) 49.01±3.73b -10.6809 0.96905 
From Fig 5, it is shown that there is a linear correlation between the meltability assessed by Schreiber 
test (meltability ratio) and SAOS (activation energy), with a degree of convergence of 0.6502, and 8 out 
of 11 samples are within the confidence interval (95%). As a result, the two methods have consistent 
results with each other. On another aspect, the meltability of high fat mozzarella (3F) evaluated by 
Schreiber test is 95.1% higher than low fat mozzarella (3H), whilst, it is 123.5% for the meltability 
assessed by SAOS. 
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Fig. 5.The dependence between meltability assessed by Schreiber test and SAOS on mozzarella samples with different production 
processes (2A: Control; 2B: Longer stretching time; 2D: Higher stretching speed; 2F: Higher stretching temperature; 2H: Higher 
stretching speed and temperature; 3A: Low pH; 3D: High pH; 3F: High fat; 3H: Low fat; 4A: Low calcium; 4D: High calcium) 
4. Conclusion 
Both the Schreiber and SAOS methods showed that fat content, draining pH and calcium content 
significantly influence meltability of mozzarella cheese samples. However, Schreiber test has the 
disadvantage of varying test conditions, which makes SAOS a better evaluation method. Through these 
methods, it is found that the meltability of mozzarella with different stretching conditions has no 
significant difference, whilst high fat and low fat samples have the highest and lowest meltability 
respectively, and samples with different draining pH have similar meltability with the ones with different 
calcium content.  
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